Sex determination in mammals is controlled by various transcription factors. Following the identi®cation of SRY on the Y chromosome, several other factors have been identi®ed. They can normally be identi®ed as being involved in sex determination by the identi®cation of sex reversal mutations or deletions, functional studies, and also by male-speci®c expression patterns in embryos. Here, it is shown that DMRT1, recently demonstrated to be deleted in 9p monosomies associated with sex reversal, is speci®cally expressed during sex determination in the genital ridge of human male, but not female, embryos, similar to SRY. q
Male sex determination in mammals (reviewed in Swain and Lovell-Badge, 1999 ) is under the control of SRY, a Y chromosome-located gene. This gene encodes an HMG domain transcription factor that triggers the differentiation of Sertoli cells. These cells support the formation of the seminiferous tubules in the developing testis and also secrete the anti-Mu Èllerian hormone (AMH). Studies of human sex reversal syndromes have contributed to the characterization of several other genes involved in gonadal differentiation, all encoding transcription factors. SOX9, which encodes another HMG domain protein, shows a male-speci®c gonadal expression pattern and possibly has a central testis differentiating function. By contrast, DAX1, an X chromosome-located orphan nuclear receptor gene, is expressed in early male and female gonadal development and seems to antagonize SRY, acting as an anti-testis gene. Another orphan nuclear receptor gene, SF1, exhibits a malespeci®c gonadal expression pattern and is implicated, together with WT1, in early gonadal development and later in AMH gene activation.
Sex reversal syndromes in humans not understood by mutation or alteration of genes identi®ed to date indicate the presence of additional sex determining genes. One of them may be located at the tip of chromosome 9p as inferred from 9p monosomies associated with defective testis development and sex reversal (Guioli et al., 1998; Ion et al., 1998) . Recently, in the critical region of chromosome 9, the human testis-expressed gene DMRT1, related to the sexual regulatory genes dsx in D. melanogaster and mab-3 in C. elegans, was identi®ed (Raymond et al., 1998; Raymond et al., 1999) .
Results and discussion
To study the potential role of DMRT1 as a candidate sexdetermining gene, we analyzed the expression pro®le of this gene in 6-week-old human male embryos where the gonads appear morphologically undifferentiated. Using probes derived from a human DMRT1 EST (Raymond et al., 1998 ) (AA412330) we detected signals for DMRT1 as a punctuated pattern in the genital ridge (Fig 1A) , similar to SRY (Fig. 1B) . At 7 weeks, DMRT1 (Fig. 1C) and SRY (Fig.  1D ) expression have become con®ned to the now forming seminiferous tubule possibly re¯ecting an expression in newly differentiating Sertoli cells which align in these tubular structures. High-magni®cation microscopy further revealed that DMRT1 is not expressed in big round cells within the tubules (arrowheads in Fig. 1E ), identi®ed as germline cells by hybridization with an OCT4 probe, known to be germline-speci®c (Scholer et al., 1990 ) (data not shown).
By contrast to the male embryo, no expression of DMRT1 could be detected in gonads of 6-week-old (Fig. 1F ) and 7-week-old (not shown) female embryos. SRY also gave no signal in 6-week-old female gonads (Fig. 1G) , while SIP1 as positive control (Poulat et al., 1997) did so (not shown). Sense probes for DMRT1 and SRY were always negative (not shown). This male-speci®c expression for DMRT1 in early human gonadogenesis therefore suggests a role of DMRT1 in human sex determination.
Experimental procedure
Antisense and sense RNA probes were prepared from subclones of DMRT1 or SRY cDNAs, 3
H to the DM domain or the HMG box, respectively, and also containing the entire 3 H untranslated region. Human embryonic gonadal tissues were obtained from therapeutic termination as part of program approved by both the ethics committee from CNRS and by the French national ethics committee. Embryos were staged according to the recognized Carnegie stages. DNA was extracted from embryonic limbs and demonstrated to be male/female by polymerase chain reaction as described (Josso et al., 1993) . Hybridizations were carried out essentially as described previously (Appert et al., 1998) with an hybridization temperature of 558C for the DMRT1 probe and 458C for the SRY probe.
